A unique porous material can be prepared by carbonizing montmorillonite/acriflavine complex (MAC). Control of its porous structure was attempted by freeze-drying MAC blocks having various water content. The porous structure was changed over a wide range (pore volume: 1-3ml/g, pore radius: 40-240nm) by water content in MAC. Particle size of raw montmorillonite also caused certain effects. When pore volume increased, pore size also increased, i.e., both properties could not be controlled independently. In spite of such changes, uniform pore size distribution and characteristic card-house structure were kept. The porous structure was stable up to 1073K under nitrogen.
Introduction
The The content increased between 873K and 1073K, which must be attributable to weight loss of the host Mont layer.3) Even after heating to 1273K, about 8% of carbon remained.
The behavior of the resulting carbon between clay layers has been discussed previously in detail.3), 4) Fig. 1 . X-ray diffraction profiles of MAC (F) and MAC (G) before and after heating . 3.3 Pore size distribution diagram Figure 2 shows pore size distribution diagrams of MAC's after heating to 873K. It was very difficult to control water content in MAC's finely by this method so that both MAC (G) and MAC (F) blocks with nearly equal water contents were compared in the figure. After drying completely at 333K (shown by 0% water content), both MAC'S had nonporous structures. From the com A. OYA et al. 22 parison between the distribution diagram and water content, it is clear that freeze-drying can be used to control the porous structure of MAC over a very wide range. It should be emphasized that increase in water content resulted in increases of pore volume and pore size with almost no lower ing of uniform pore size distribution. Relations between water content and pore volume or pore radius for MAC's after heating to 873K. The data shown in Fig. 2 is rearranged as shown in Fig. 3 , from which the effects can be seen of raw Mont on the porous structure. When both MAC's prepared from equal water content are compared, MAC (G) has a larger pore volume and pore size over MAC (F). Figure 4 shows the changes of pore size dis tribution diagrams of MAC (F), prepared from 68 +2% water content, with HTT. Almost no difference was observed among the diagrams of MAC (F)'s excepting for one heated to 1273K. After heating to 1273K, MAC (F) showed signifi cant decrease of pore volume and somewhat marked decrease of pore size.
3.4 SEM observation Figure 5 shows SEM photographs of fracture surfaces of certain MAC samples. MAC (F) (water content: 0%) after drying completely at 333K exhibited a highly dense structure, regard less of heat-treatment, as can be seen from the 873K-MAC (F) shown as an example (Photo A). However, the blocks from MAC's containing water resulted in a kind of card-house structure (Photo B). Such a characteristic structure mostly remains even after heating to 873K (Photo C) and 1073K (Photo D). After heating to 1273K, the porous structure sintered to become dense (Photo E), which coincides well with the results of X-ray diffraction analysis (see Fig. 1 ). Such changes were also observed in MAC (G) samples . A typical card-house structure of MAC (G) , from 57% water content, after heating to 873K, is shown in Photo F as an example.
3.5 Compressive strength Figure 6 shows the relationship between com pressive strength and water content of MAC (F) blocks after heating to 873K. The 873K MAC (F) block from 80% water content has about 3ml/g pore volume and just 10 to 15kg/cm2 compressive strength. A large scattering is seen among the blocks from water content of about 50%, which must be attributable cracks. The maximum strength was about 150kg/cm2. 3.6 Densities and porosities Some properties of MAC (F) samples from 68% of water content, after heating to 873K, are listed in Table 3 . Bulk density was just 0.31g/ml against 2g/ml of true density. Both open and total porosities of this sample, however, were almost equal, which shows that this material consists of connected open pores. 4. Discussion As mentioned above, it is possible to control the porous structure of MAC blocks by freeze drying. In this work, there were no pore size distributions in MAC blocks having less than 50% water content, but both pore volume and pore size must have decreased considerably in view of the results in Fig. 3 . However, maximum pore volume and maximum average pore size observed here were 3ml/g and 220nm, respec tively. The merit of the freeze-drying technique used here is that narrow pore size distribution and the characteristic card-house structure were clear ly retained in spite of large change of pore volume and pore size. As for increasing of pore volume, however, pore size also increased. The remaining problem to be solved is how to control pore size and pore volume independently.
The porous material derived from Mont/orga nic complex has certain properties as mentioned in the introduction. In this work, in addition, it was revealed that this material consists of the connected open pores. Such a porous structure is highly favorable for certain practical applica tions. The compressive strength was also mea sured first in this work. About 10kg/cm2 of a block with such a large pore volume is too low for practical use. This material must be reinforced for practical use, but with decreasing pore volume, the compressive strength increased con siderably. An additional property is the high thermostability as can be seen from Fig. 4 . This material is stable up to 1073K under nitrogen. According to the earlier paper,2) thermostability under an oxidizing atmosphere drops by about 200K.
The next point to be discussed here is the effect of raw Mont on the derived MAC porous struc ture. When MAC (F) and MAC (G) from equal amount of water content are compared, the former resulted in a larger pore volume and pore size rather than the latter as shown in Fig. 3 . As described above, the particles of Mont (G) are largerr than those of MAC (F). Therefore, MAC (G) constitutes a cruder card-house structure, resulting in a porous structure with larger pore volume and pore size. If the particle size of Mont can be controlled, e.g., by the sedimentation or centrifuging technique, then, the MAC porous structure can be also controlled. By combining control in addition, of the particle size of Mont and water content before freeze-drying, pore volume and pore size will be controlled indepen dently.
